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The value of C depends on the packing factor, p, and
on the length of string N. It is given by
(Nip)—1

C= ) 207D withp>2
i=0
for p-RB1 numbers, and by

N/p .
C=Y 207D with p>2

i=1

for p-RB2 numbers.

Detection of the zero

In redundant binary representations of signed
numbers, the number (0);, has many representations,
consequently it is not easily detectable. On the
contrary, the number (—1),, can be detected in two
logical steps, as proved for the RB1 representation in
Ref. 13. This fact can be generalized as: any redundant
binary representation of the number (— 1), obtains
the canonical form of (—1),, if the following rules are
applied only on the nr pair

RB1 or p-RB1 RB2 or p-RB2
0110 01 —-01
10— 10 10 - 01

The validity of these rules can be proved following the
same outline used in Ref. 13 in the case of the RB1
representation.

Efficiency of p-RB numbers

The efficiency of packed binary redundant number
representations can be written as'?
R —1
E= PP ©9)
R p

where Ry is the number of bits needed in the binary
number system and Ry is the number of bits needed in
a redundant number representation to write the same
value. Equation (9) shows that efficiency increases
when the packing factor, p, increases. In fact, for p-RB
numbers one can write

p—1

lim E = lim =1

p— p— p

The behaviour of E versus p is shown in Table 5.
Notice that, for p — oo, the p-RB2 representation
coincides with the natural binary number system
N—-1 N—-1
lim ) g2-trl="% g2

p—roo i=0 i=0

Concluding remarks

Redundant number representations are very suitable
for optical computing, but they have efficiencies lower
than the binary number system. This fact implies more
expensive hardware. The p-RB number representations,
introduced in the previous sections, have greater
efficiency than the RB representation even though they
maintain the same advantages: they naturally fit the 2’s
complement binary number system and they permit
one to build a fast and inherently parallel arithmetic.
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Table 5. Efficiencies of the p-RB number
representation versus the packing factor p

p-RB E
2-RB 0.500
3-RB 0.666
4-RB 0.750
5-RB 0.800
6-RB 0.833
7-RB 0.857
8-RB 0.875
9-RB 0.888
10-RB 0.900
11-RB 0.909
12-RB 0.916
binary 1.000

The algebraic sum can be performed in constant time
(p + 4 elemental logic steps) for any efficiency value,
using symbolic substitution with very small truth
tables. For these reasons, p-RB numbers can be
considered as a good trade-off between speed and cost
of optical computing devices.
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